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LONG-TERM TISSUE CULTURE OF EPITHELIAL-LIKE CELLS FROM
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The purpose of this work was to establish a line of human epidermal cells in
tissue culture which would be stable enough to grow in culture media for pro-
longed periods, and which could be serially transplanted at will. It was hoped
that such a line of cells might support the growth and multiplication of a number
of viruses (warts, ecthyma contagiosum and milkers' nodules) which do not ap-
pear to grow in HeLa cells.8
Nine specimens of normal human skin, some full thickness and others split
thickness, were treated with trypsin to separate epidermal cells from the dermis.28
The separated epidermal cells were placed in a growth medium (described below)
which was incubated at 35°C in culture tubes kept in slant racks or in a revolving
drum. The epidermal cells from these nine specimens either did not grow, grew
very little or grew to a certain stage, keratinized and stopped growing and will
not be described further. A tenth specimen of skin, however, yielded a line of
cells which grew rapidly, was stable and could be transplanted in series. Al-
though we have no evidence as yet that these cells will support the growth of
viruses which do not grow in HeLa cells, their morphology and growth char-
acteristics are especially interesting. The tissue from which the cells were derived
was normal human skin but the cell line itself has growth and morphologic
characteristics of cancer cells. This cell line, which will be referred to as AU cells,
its characteristics and its relationship to other cell lines of similar nature, is the
subject of this report.
MATERIALS AND METHODS
A. Source of Skin
For the purpose of covering a traumatic injury of the left leg, normal skin was taken
from the buttock of a seventeen year old white boy by a dermatome which was set at 1/10,-
000th of an inch. A portion of this skin was kept in vaseline gauze in the refrigerator (4°C)
for three days before trypsinization.
B. Separation of Epidermal Cells from Dermis
Small pieces of skin (4 to 6 mm. square) were placed in trypsin (Armour tryptar and
buffer containing 10 mg. or 10,000 units of trypsin per cc.) which was then kept in the re—
frigerat.or for four hours.2° The pieces of skin were then transferred to growth medium
(described below) which was kept at 4°C for ten hours. The epidermis was peeled away
from the dermis and placed in fresh growth medium (described below). This mixture was
shaken by hand, the floating keratin debris was picked out and the remainder was centri-
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FIG. 1. Hematoxylin and eosin stain of seventh subculture of AU cells (X 86). The cells
show an epithelial-like arrangement, variation in size, shape and staining qualities and
frequent mitoses. Giant cells are evident.
fuged for ten minutes at three hundred revolutions per minute. The sediment was taken
up in 4 cc. of growth medium and transferred to four screw cap culture tubes which were
gassed with carbon dioxide to obtain a pH between 7.4 and 7.6 and placed at 35°C in a re-
volving drum. The tubes were fed with new growth medium (described below) whenever
cultures became too acid (about twice a week).
Some of the material obtained from skin by this method adhered to the sides of the
culture tubes as unidentifiable flakes (probably pieces of keratin), partially keratinized
epidermal cells and uncornified epidermal cells. An occasional fibroblast-like cell was
present in three of the four tubes. The tube in which the cell line under discussion arose
was at no time seen to contain fibroblast-like cells, but in addition to the dispersed cells
and unidentified material mentioned above, two relatively large pieces of what appeared
to be epidermis became adherent to the sides of this tube.
C. Growth Medium
The medium used for growth of the cells was 40% pooled human serum, 5% chick embryo
extract and 55% balanced salt solution containing 100 units of penicillin and 100 micrograms
of streptomycin per cc. It was prepared essentially according to the method of Syverton
et al.n The embryo extract and human serum were frozen and thawed once before using.
In addition, the completed growth medium was filtered through an 03 Selas porcelain filter
and frozen and thawed once before use. The freezing and thawing and filtration should
rule out the presence in the medium of cells from the embryo extract or serum. No known
carcinogens were added to the medium and no one in the laboratory was working with
known carcinogens.
D. Glassware and Tools
All glassware and metal tools (scissors, forceps, etc.) were chemically clean and had been
autoclaved. The experiment was done in a manner which we believe would exclude the
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Fin. 2. Twelfth subculture of AU cells (X 230). The arrow points to a large cell in mitosis
in which there are four or more equatorial plates in metaphase, an indication that some
of the cells contain an abnormally large number of chromosomes.
possibility of contamination by chemicals of any sort or by cells from other lines grown in
the laboratory, expecially HeLa cells.
ISOLATION OF A TRANSPLANTABLE CELL LINE
After incubation of the trypsinized material from human skin for thirty-one
days a small colony of perhaps a dozen cells of epithelial-like nature was seen in
one of the tubes. These cells were in proximity to one of the larger pieces of
epidermis which had adhered to the wall of the tube. The cells continued to
multiply and when two or three hundred cells were present (45 days after the
original planting) a few were removed with a metal spatula and transferred to
other tubes where they continued to multiply rapidly and to maintain an epi-
thelial-like appearance. At the time of this writing, the cells have been grown
continuously for nine months, thirty subcultures have been made and an enor-
mous number of cells has been grown from the original colony, a conservative
estimate being at least 130 million cells.
CHARACTERISTICS OF THE CELL LINE
The AU cells adhere to the sides of glass culture tubes and grow rapidly in an
epithelial-like manner to form solid sheets on the glass after four or five days.
AU cells can then be scraped off the glass and broken apart by forcing through a
27 gauge needle and reinoculated into new tubes. One tube containing a solid
sheet of cells can be used to inoculate three or four new tubes which will develop
as many cells in four or five days as the original tube so that in this time the
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FIG. 3. Hematoxylin and eosin stain of eighty-seventh subculture of BeLa cells (X 94)
The appearance is indistinguishable from the AU cells of Fig. 1.
number of cells has increased three or four fold. One tube which has developed a
solid sheet of cells contains in the neighborhood of 300,000 to 400,000 cells so
that it is immediately apparent that a tremendous number of cells can be pro-
duced in a short time.
AU cells which have been grown on cover slips and stained with hematoxylin
and eosin resemble the cells of epidermoid carcinomas of anaplastic type so
closely as to be indistinguishable from them and were so labeled by four pa-
thologists who saw the cells without knowing the history of their origin. The cells
demonstrate variation in size, shape and staining qualities. Giant cells are seen.
The nuclei vary in size and shape and staining quality. Many mitotic figures are
present and abnormal mitoses are frequent.
The AU cells resemble HeLa cells in their rapidity of growth and the ease with
which they can be transplanted. They can be washed repeatedly with balanced
salt solution and can be kept in maintenance media (10 % horse serum plus
vitamins, salts and amino acids) just as can HeLa cells.22 Microscopically, most
cultures of AU cells are indistinguishable from HeLa cells in the unstained and
stained states. The AU cells are, however, not quite as stable as HeLa cells and
they do not grow quite as fast. They deteriorate more rapidly than HeLa cells
when the cultures are kept at 40°C or at 25°C. Some cultures, especially during
the first day of subculture, show more variation in size and shape of the cells
than do HeLa cells and older cultures of AU cells tend to pull apart and give a
"Swiss cheese" appearance more so than do HeLa cells.
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Fio. 4. Same as Fig. 3 (x 194). Note the striking resemblance to AU cells of Fig. 2.
GROWTH OF VIRUSES IN AU CELLS
The new AU cell line supports the growth and multiplication of three strains
of herpes simplex (HF obtained from the American Type Culture Collection and
ST and CR isolated by us from patients with recurrent herpes simplex lesions
on the skin). Herpes simplex virus produces typical cytopathogenic changes in
AU cells which are evident in the stained and unstained state (rounded cells,
multinucleated giant cells, clumping and intranuclear inclusions). Five serial
passages of herpes simplex virus in AU cells, using a measured amount of initial
virus, a 1:10 dilution of infectious material at each passage, and titering the
virus content of the fifth passage tube, has demonstrated that the virus must have
increased by at least a factor of one million. This is not the greatest increase of
the virus which could be obtained by five serial passages because a large amount
of the virus was used per tube at each passage and the cultures were incubated
for short periods of time. In addition, a known amount of virus has been inocu-
lated into single culture tubes. These infected cultures have been incubated at
35°C for seventy-two hours and the amount of virus present at that time has
been measured. By this method the amount of virus has been shown to have
increased by at least 1,000 fold.
Vaccinia virus has also been shown by serial passage and by cytopathogenic
effect on the cells to proliferate in AU cells but this study has not yet been carried
as far as it has with the herpes simplex virus.
The appearance of herpes and vaccinia virus in unstained and stained AU cells
has been identical with its appearance in HeLa cells.
We have been unable to demonstrate cytopathogenic change in AU cells
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Fin. 5. Hematoxylin and eosin stain of AU cells which were infected with herpes simplex
virus twenty-four hours previously (X 94). The herpes infected cells at the center of the
picture are round and clumped together and they present an abnormal nuclear pattern.
Small multinucleated giant cells are present.
after the addition of the virus of ecthyma contagiosum or after the addition of
tissue from a milkers' nodule in spite of blind serial passages and frequent at-
tempts using different inocula and cultures of different ages.
I5OLATION OF "MALIGNANT CELLS" FROM NORMAL CELLS BY OTHER INVE5TIGATOES
The isolation of cells having the morphologic characteristics of malignant
cells in tissue culture from normal human tissue has been reported by a number
of authors! 2, 13, 14, 15, 16, 18, 18, 21 Cells which have growth and morphologic
characteristics similar to AU cells have been isolated from normal skin, conjunc-
tiva, foreskin, appendix, intestines, kidney, liver, bone marrow and nasal mucosa.
The initial cultures have frequently contained large numbers of fibroblasts,
and after thirty to sixty days of cultivation, "malignant" epithelial-like cells
have appeared and these have been passed indefinitely in tissue culture.
Although the cells of these lines grow rapidly, show increased capacity for
anaerobic glycolysis and have the morphologic characteristics of malignant cells,
it has not been possible to prove that they are actually malignant. Some authors
have attempted to transplant some of the cell lines to animal and human vol-
unteers (other than the persons from whom the cells were derived) with interest-
ing but inconclusive results.'6' 20 Tumor growths have been produced in animals
and man by transplantation of some of these cells but there is still some doubt
whether they represent actual malignant neoplasms.'2' 16, 20
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FIG. 6. Three day old infection of AU cells with herpes simplex (X 470). The top arrow
points to a multinucleated giant cell and the bottom arrow to a cell containing a Type A
intranuclear inclusion.
The exact site or cell of origin of the various cell lines is unknown. Their
morphology suggests that they are of epithelial origin but their tissue sources
do not exclude origin from connective tissue, blood vessels, nerve sheaths or
other structures. The question as to whether they could represent carcinoma in
situ which was present in the initial inoculum is pertinent, but the frequency
with which the cell lines with these characteristics have been isolated from normal
nasal mucosa (eight of twenty-four attempts in one case), make this possibility
seem unlikely, assuming of course that all the cell lines reported by the authors
above are related, which they seem to be, insofar as morphology and growth
characteristics are concerned. Whether these cells represent mutations from
normal cells, whether something in the growth medium exerts a carcinogenic
effect or whether there are inhibitor substances in the intact animal which pre-
vent malignant changes from taking place and which are not present in vitro
are other unexplored possibilities.17
A number of authors have reported the isolation or development in tissue
culture from normal animal tissues, usually connective tissues, of cells having
malignant characteristics.1' , 6, 7, 9, 10, 11 In some of these experiments the
possibility of the carcinogenic effects of radium or carcinogenic chemicals used in
the laboratory at the time of isolation of the malignant cell line has arisen.3' 6, 11
CONCLUSIONS
1. A line of cells which is stable, grows rapidly and can be serially transplanted
in tissue culture has been isolated from normal human skin.
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2. This cell line resembles HeLa cells, is able to support the growth of herpes
simplex and vaccinia viruses and its morphologic features are indistinguishable
from cancer cells.
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DISCUSSION
DR. HERMANN PINKUS (Monroe, Michigan): This paper touches on some very
interesting problems of more fundamental significance than the isolation of a
strain of human epidermal cells for virus and other studies.
In Detroit at Wayne State University, Dr. Lawrence Berman, who is a hema-
tologist, and Dr. Cyril Stulberg, who is a pediatrician, have cultivated similar
cell lines derived from many different sources. The first one was obtained from
bone marrow of a carcinomatous patient and when these epithelial-like cells
were seen of course it was thought they were metastatic carcinoma cells. How-
ever, these workers have now about 30 different cell lines derived from lymph
nodes, bone marrow, and even normal blood, of healthy and of diseased persons.
All of them resemble Dr. Wheeler's epithelial-like cells and also are similar to
HeLa cells. It is a very intriguing problem to know what actually these cells are.
Lately Dr. Berman has observed that a strain of pure human fibroblasts ob-
tained from a commercial supplier began in his hands under close observation
over several weeks' time to form multiple foci of epithelial-like cells and finally
ended up as a pure culture of this type of cells. There is no explanation for this
phenomenon at present. It may be something that is due to lack of inhibition
in these tissue cultures. It seems to contradict many of the things that we anato-
mists thought were true about differences between mesodermal cells and ecto-
dermal or entodermal cells.
Of course Dr. Wheeler's cultures were obtained from epidermal sheets and did
not pass through a fibroblast-like phase. I hope they are true epidermal cell
lines in the sense that they behave physiologically like epidermal cells. I think it
would be very good if you could compare your cells with a few of the Detroit
strains.
DR. PETER FLEScH (Philadelphia, Pa.): I wonder whether the authors have
considered the lack of adequate oxygen supply as the possible cause for the
malignant transformation.
DR. RICHARD B. STOUGHTON (Cleveland, Ohio): Is there any evidence that
these cells form tonofibrils or undergo keratinization? Culture media deficient in
Vitamin A might bring about keratinization if they are actually epithelial cells.
DR. CHARLES WOLF (New York, N.Y.): I would like to ask Dr. Wheeler what
requisites are necessary further to establish that these cultures are not really
malignant cells, because they act like malignant cells and why not establish
them as malignant cells? If they are transplanted and malignancies develop
from them it seems to me that they should be classified as malignant.
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Dn. CLAYTON E. WHEELER (in closing): Dr. Alto Feller and Dr. Catherine
Russell at the University of Virginia have been growing respiratory mucosa in
continuous tissue culture. Cultures were prepared with respiratory mucosa
taken from 24 people and from tissue from eight of these persons cell lines were
isolated. The eight cell lines resembled very closely or were morphologically
identical with AU and HeLa cells. In all eight instances there was an initial
heavy connective tissue growth followed by the appearance of the cell line.
Other workers, including those in Detroit, have usually noticed heavy connective
tissue growth sometime before the cell line has appeared.
AU and HeLa cells resemble each other morphologically, they proliferate at
about the same rate, they can be grown and maintained on the same media and
herpes simplex virus can proliferate in one as well as the other. In addition, Dr.
Gerald Goldstein at the University of Virginia has suggestive data that AU cells
are immunologically related to HeLa cells. Antibodies which are cytotoxic for
HeLa cells are also cytotoxic for AU cells.
The emergence of these cell lines may be an universal phenomenon. The cell
lines are being isolated by more and more investigators from an increasingly
larger number of animals and different tissues in these animals. We are currently
culturing sheep skin and have isolated a cell line from this tissue which resembles
fibrosarcoma.
Why aren't these cells cancer? A cautious, conservative approach is probably
best until more is known about them. These cells have been transplanted into a
very small number of humans. Although they have produced temporary local
tumors, these tumors have not been as active as those produced by cells from
actual cancers. In addition, to the best of my knowledge, they have not been
shown to metastasize.
We have no data concerning the effect of vitamin A on AU cells.
The possibility that oxygen lack is important in the development of these
cells exists. There is an experiment in 1953 by Goldblatt who subjected rat fibro-
blasts at intervals to an atmosphere of nitrogen. There developed a cell line
which resembled fibrosarcoma. However, others have isolated similar cell lines
without the use of nitrogen and how much the nitrogen (or oxygen lack) had to do
with the process is an unanswered question.
